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This invention relates to improved magnetic recording heads. More particularly,

the invention relates to magnetic recording heads with a dielectric layer, and to methods

for utilizing this layer to reduce magnetic flux leakage in the recording head.

10 BACKGROUND

Magnetic recording heads are commonly used to record data to a magnetic data
storage medium, such as a computer hard drive. A computer hard drive uses at least one
disc coated with magnetic material and a recording head suspended over the surface of
the disc. The surface of the recording head that is substantially parallel to the surface of

15 the disc is known as an air bearing surface. The recording head has a pair of opposing
polés, known as a top pole and a bottom pole, that are made of a magnetic material. The
poles are separated by a nonmagnetic gap layer in a region near the air bearing surface
known as the pole tip region. The recording head includes at least one inductive coil that
generates magnetic flux through the top pole and the bottom pole. A magnetic field is

20 formed across the gap layer at the air bearing surface to record data to the disc.

A portidn of the magnetic flux generated by the inductive coil is often transmitted
between the top and bottom poles in a region outside the pole tip region. The leakage of
magnetic flux in the recording head impacts the magnetic field at the air bearing surface,
and may degrade the performance of the recording head.

25 A cross-sectional view of a conventional magnetic recording head 3 is shown in
FIG. 1. The conventional recording head 3 has a bottom pole layer 10 of a magnetic
material, such as permalloy. The bottom pole layer 10 may serve as a magnetic shield
layer for a magnetoresistive sensor (not shown in FIG.1), in which case the bottom pole
layer 10 is known as a shared pole layer 10. To insulate the inductive coils 26 of the

30 recording head 3 from the magnetic material of the bottom pole layer 10, a zero throat 20
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seed layer 12 may be deposited over an exposed region 11 of the bottom pole layer 10

that is not overlain by the zero throat 20, as well as over a surface 21 of the zero throat 20.
The seed layer 12 is a thin layer of magnetic material that provides a base for plating
additional layers. After the seed layer 12 is deposited, the bottom pole extension 40, the
gap layer 50 and the top pole layer 60 are electroplated in a pole tip region 14, as well as

25 over the region 23 of the zero throat 20. Subsequently, the gap layer 50 is plated over the
bottom pole extension 40, and the top pole extension 60 is plated over the gap layer 50.
After the top pole layer 70 is deposited (FIG. 1), a lapping process may be used to form
the air bearing surface 80 of the recording head 3.
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20 zero throat Tormed over a reglon of a bottom pole layer, a bottom pole extension, a top

pole extension, and a means for reducing overlapping area between the bottom pole
extension and the top pole extension over the zero throat.

In a third embodiment, the invention is a method of manufacturing a magnetic
recording head including forming a zero throat on a bottom pole layer; forming a

25 dielectric layer over a portion of the bottom pole layer and over a portion of the zero

throat; and plating a first layer on the bottom pole layer to in a pole tip region. The
dielectric layer separates the first layer in the pole tip region from the zero throat.

In a fourth embodiment, the invention is a method for selective multi-layer plating
including depositing a dielectric material over aregion of a seed layer, masking a pattern

30 over the seed layer and the dielectric material, plating at least one plated layer in the seed
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20 FIGS. 3A-E are cross-sectional views of a process for manufacturing the magnetic

recording head of the invention.

FIG. 4 is a cross-sectional view of the zero throat of a magnetic recording of the
invention.

FIG. 5 is a cross-sectional view of the magnetic recording head of FIG. 4.

25 Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
FIGS. 3A-E illustrate a process for manufacturing a portion of a recording head
105 of the invention. Referring to FIG. 3A, a zero throat 120 is formed on a selected
portion 115 of a bottom pole layer 110. An optional seed layer 112 may be then deposited
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extension 140 and the gap layer 150, and the top pole extension 160 do not plate onto the

zero throat 120 due to the presence of the dielectric layer 130. The dielectric layer 130,

which acts as an additional masking element, allows selective plating of the bottom pole

20 extension 140, the gap layer 150 and the top pole extension 160 in the pole tip region 114
away from the zero throat 120.

Referring to FIG. 3D, after the top pole extension 160 is plated over the gap layer
150, the portion of the dielectric layer 130 that is not covered by the top pole extension
160 is removed to expose a surface 124 of the seed layer 112 over the zero throat 120.

25 The portion of the dielectric layer 130 that is removed to expose the surface 124 may be
removed using an etching process without the need to apply an etch mask since the
portion of the dielectric layer 130 that remains is already masked by the top pole
extension 160.

Referring to FIG. 3E, using the previously mentioned photoresist pattern, a top

30 pole layer 170 is plated over the top pole extension 160 and the exposed surface 124 of

the seed layer 112 that overlies the zero throat 120. After the top pole layer 170 is formed
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extension 160 and the insulator layer 127, and an encapsulation layer 190 may be formed
over the top pole layer 170. Since the dielectric layer 130 reduces the overlapping area
between the bottom pole extension 140 and the top pole extension 160 over the zero
throat 120, the magnetic flux leakage in the magnetic recording head 5 may be
25 minimized.

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention.

For example, a portion of the dielectric layer 130 may be removed to expose a

30 surface 124 of the seed layer 112 after the gap layer 150 is plated, instead of after the top
pole extension 160 is plated (FIG. 3D). In this embodiment, the bottom pole extension
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the top pol e extension may not be necessary. After the portion of the
dielectric layer is renoved to expose the surface 124, the top pole |ayer
170 may be plated directly over the gap | ayer 150 and the exposed surface
124 of the seed layer 112 5 that overlies the zero throat 120. The
dielectric layer may be enployed as a nmasking elenent in any sel ective

mul ti-layer plating process. For exanple, if the dielectric material is
deposited over a




specified region of a layer, a pattern may be nmasked over the Iay?r a}{'lﬂl
the dielectric material. At |least one plated | ayer may be deposi eg 2004
the |l ayer by renoving the 10 dielectric material to forman etched
dielectric area; and plating over the plated | ayer and the etched

di el ectr Mk | y, other enbodinents are within the scope of
the fol I%Iﬁg %ICaLﬁers $i§9.2 NOV 2004 WHAT IS CLAI MED I'S: 1. A nmagnetic

recordl conpri sin ﬁero t hrpoat forne ?r a region of a _ bottom
pol e Ia ﬁf% ng CdchP%PH% ?0%%@ Zerr 52% ormegET @i 15208 g Gh 5
ter m nat i n P%lﬂ gaySnand sepced frase a0 3 beenngswtass. anpele discmgipredge
near Jsai d zé?‘émflﬁﬂtgaﬂn Srider on igdainhsatingspiice onxnarsetand edgd neargsaid | ayer ,
and a di el ectzercthroairempsipiag ecbdtioompelaiedteasion hodai gag lsyerf amea tieddctric

separ at es t hdayerrspadel foam sdid ain belasing bafdcethqickparaet eresicon tiroal fgap thayer ,
wherein the diottoacpolecextangion aneidgepe mybt) avhetdig nhE idielédii 1dyeakadiRethd he

magnet i c recansinedc flaattakdd (ﬁthérﬂﬁﬁgﬂmg@&iokcﬁn%ﬁ%rd' ng head of claim 1,
furtiper conprising a top pol e extension ed over the gap | ayer such

that the gap ’ﬂ‘}ﬁytﬁébgéieﬁc P%Wﬁﬁih&{aeol{ﬁ&ﬁlofn tﬂR &t oo Eﬁﬂ%\' O{Z’)pﬁi??e éﬂgnsg gp pole

G eloetric | o R e o Z%ggggorﬁﬁ T e A e e,

reduce overl apgqnﬂlé)%aalrlggh bek {& bottom pol e extension and the top
ol e _ext ensi over the zero thr magneti c recordi ng head of

(F:) | a.el:% 1,3 \Ahe?ﬂ'ierfnf‘wuﬂlr%‘?oé@flglhéa 8§/élalm32 m@%ﬁheadle@etmﬁalmmalfogmdect ed
fromthe grofyeEamsrtian althsrzene thipatose aeto redtice avaslappingtaseabétween Bie The
magnet i ¢ r ecdoiPmgpdieedensioncindithe wp pateesxeinsiontwyerithe zetthioat. | ayer is a
nmetal oxide selected fromthe group consisting OF A1203 and Si 02 25 6.
The nagrket i ¢ Theanaglietig rdveatinghead| ofictairh, 1, fuhieteive thealigTedtiic 14yer & maRbflayer

bet @@en t he msemalisbleqad fronckht Igﬁn@lcehﬁahfgl d?f mheld1®xided And curbd PREBRLISE
recordi ng head conprising: a bottompole |ayer; a zero throat forned over

a first gegi ofheQhaddific l?@éotr&l mehE o 4, WhSfHh W&Elegﬁﬁggfe?qs Qb
bott om pol e |o§(¥d°ersefve&e9qwn{'91 2o & 1)§t11?§'\61zs A1,0; and Si0,.

25 6. The magnetic recording head of claim 1, further comprising a seed layer between
the zero throat and the dielectric layer.

7. A magnetic recording head comprising:
a bottom pole layer;
30 a zero throat formed over a first region of the bottom pole layer;
a gap layer disposed on the bottom pole layer extending laterally away
from the zero throat to an air bearing surface; and
a dielectric layer isolating the gap layer from the zero throat.

35 8. The magnetic recording head of claim 7, further comprising a top pole extension
layer disposed over the gap layer and separated from the zero throat by the
dielectric layer such that the gap layer is between the bottom pole layer and the
top pole extension layer.

40 O. The magnetic recording head of claim 7, wherein the dielectric layer is spaced
from the air bearing surface.

10.  The magnetic recording head of claim 7, wherein the dielectric layer is made of at
least a material selected from the group consisting of metal oxides and cured
45 photoresist.



fromthe zero throat to an air bearing surface; and a dielectric |ayer
isolating the gap layer fromthe zero throat. 35 8. The magnetic ?e MQR
head of claim 7, further conprising a top pole extension |ayer di sz d 2004
over the gap layer and separated fromthe zero throat by the dielectric

| ayer sugh t ayer i.s_between t ottom pole | ayer and the
top pol gﬁéxt Zﬂ{‘% (})I%Efl%flcgf‘%coﬁn .he?‘ﬁe‘)f t%iqgur?}lﬁ’éo“r"cﬂ‘i‘ 1N2e & d0QStonE |Rglen 7,
wherein the drETROPJFYer dispesed between thepotiompale fyenand theaen layersur f ace.  10.
The magnetic recording head of claim7, wherein the dielectric layer is
made of % I'eeshagnenaresording deachef daint 8 dnithéreompoisingcotopipeld egesiomet al
oxi d€s and cupyed dispgseghstweenghestop peledlageriad tROP layer, thé eoprpdiettemsion

recor di ng hedayegiseparaiedframfthe zére throatrhyrths dietecaidlayérom pol e ext ensi on

| ayer di sposed between the bottom pole |ayer and the gap |ayer. 12. The

magnet i c13t ec oFt@i mggneaasecofdifg Bédd oF didi! 18 wHeRIP tHeSIbP Yo 1514 CBcht&ﬁ% ensi on

5 layer di spai€lecthelaye thd 2o Bt BRY theltd) Bole BRENLHE]A gp Ilayer, the top
pol gpoext ensi on | ayer separated fromthe zero throat "by the dielectric

| ayer. T ey 0 ' foclaiml12.. wherejn the fop pole
e e Lot SRR ARl Doifunt il
ext ensi on | ayer. Af)'leo?ﬁ] hed é’ﬁ’& f LOET MG ge Reodhoat @nd aseaondssider her
conprising a g@éﬁf‘é%fg? HEY i AY a2 JMtomy PaieqRxiensigoleyer apd f9m: PBlst lagen pol e

| ayer. and t h&'SPgp 08t Whegsth thehattaRPele gtenpignilaysr i disgpssdehstwean | ayer ,
a bdPt om pol heRetiona pelg 1aysyand thagap kyemol e | ayer di sposed t her eon,

wherein the bottom pol e extension |layer is disposed between 15 the bottom
pol e | ayer and the gap layer. 9 '






